The success rate, frequency of complications and changes in systolic arterial pressure and heart rate during percutaneous pulmonary artery catheterization via an antecubital vein were evaluated before induction of anaesthesia in 84 patients about to undergo cardiac surgery. Serious complications were angina (2%) and a small tear in the tricuspid valve (one patient). If one of the basilic veins was used, the success rate was 93%. When it was necessary to use a cephalic vein, the success rate decreased to 60%. Overall success rate was 75%. Placing the catheter in the pulmonary artery resulted in an immediate increase in systolic arterial pressure in all patients and a significant increase in heart rate in patients not taking beta-adrenergic blocking drugs. This study demonstrates that percutaneous catheterization of the pulmonary artery via the basilic vein is a simple, safe, effective technique associated with few complications.
Catheterization of the pulmonary artery (PA) with a flow-directed balloon-tipped catheter via the internal jugular vein before anaesthesia is a common procedure in patients with cardiac disease about to undergo open heart operation (Pace, 1972; Katz et al., 1977; Kaplan, 1979; Lunn et al., 1979) . However, this technique can increase systolic arterial pressure (SAP) and heart rate (HR) (Lunn et al., 1979) and is associated with a number of minor and some serious complications (Pace, 1972; Katz et al., 1977) . Percutaneous catheterization of PA via the basilic vein in the right or left upper extremity is an alternative to catheterization via the internal jugular vein and might be less stressful and result in fewer complications. In this study the success and complication rates and arterial pressure and heart rate responses to percutaneous PA catheterization via the right basilic vein were determined in 84 unanaesthetized patients before valve replacement or coronary artery bypass operations.
The plan of study was approved by the Leiden University Hospital Human Experimentation Committee. Informed consent for performance of the study was obtained from each patient at the time of the preoperative visit.
Patients were allocated to three groups according to their preoperative drug history and operation. Fifty-five patients were to undergo coronary artery bypass grafting (CABG) operations; 31 of these were taking propranolol or another betaadrenergic blocking compound for angina or hypertension (group I) and 24 were not (group II). Twenty-nine patients were about to undergo valve replacement operations (group III).
Patients were premedicated with lorazepam 0.08mgkg" 1 orally 2h and atropine 0.1 mg per 15 kg i.m. about 30min before being taken to the operating room. Patients in group I received their usual morning dose of oral propranolol at the time of premedication. Upon arrival in the operating room, every patient had a 14-gauge catheter placed in a hand vein; saline 2-3mlmin" 1 was infused and a bipolar lead II e.c.g. continuously recorded.
After the i.v. infusion was started, the left wrist was dorsiflexed and a 19-or 20-gauge catheter percutaneously introduced to the radial artery. Following this, the right antecubital fossa was inspected for evidence of a prominent basilic vein.
(We did not distinguish between the median antecubital vein and basilic vein in this study because of the varying anatomy. Therefore catheterization was often accomplished via the median antecubital vein before it merged with the basilic vein. In all cases the catheter was eventually threaded through the basilic vein before entering the chest.) If a prominent basilic vein was present, the antecubital fossa was prepared with tincture of iodine solution, the skin over the vein anaesthetized with lignocaine and a Cordis introducer placed in the vein over a flexible stainless steel mini-guide wire previously implanted via a 16-gauge catheter. A flow-directed balloon-tipped thermodilution pulmonary artery catheter (Instrument Laboratories triple-lumen model 44166 7F) was then introduced to the right basilic vein through the Cordis introducer.
The catheter was then connected to a pressure transducer and advanced 40-45 cm. Following this, the balloon on the catheter tip was inflated and the catheter directed into the pulmonary artery using wave-form for location. If the catheter became lodged at the shoulder it was withdrawn 5-15 cm and re-advanced. If, after a few attempts, it remained impossible to pass the catheter beyond the shoulder, heparinized saline was injected through the distal aperture while advancing the catheter. If this failed, the balloon was gently inflated just before the obstruction and additional attempts made to advance the catheter while the patient was asked to take a deep breath. If it was impossible to flow-direct the catheter into the pulmonary artery within 30min from skin puncture, the procedure was terminated and the attempt considered unsuccessful.
When a right basilic vein was neither visible nor palpable, the left basilic vein was inspected and used. If neither basilic vein could be found or was not prominent, the right cephalic vein was used and if the right cephalic vein was not prominent the left cephalic vein was used. If neither basilic nor cephalic veins were available, percutaneous pulmonary artery catheterization via the upper extremity was considered impossible and the attempt recorded as unsuccessful.
Systolic arterial pressure was measured with a Roche Arteriosonde (Model 1010) with a standard Riva Rocci cuff on the left arm and HR was determined by palpation at the right wrist. Arterial pressure and HR were recorded the night before operation, 2-4min after entering the operating room, immediately after the catheter was placed in the radial artery and immediately following placement of the PA catheter. Patients were monitored continuously for signs of myocardial ischaemia (angina with or without depression of the ST segment on the e.c.g. of 1 mm or greater) during radial and pulmonary artery catheterization. E.c.g. was monitored continuously for ventricular extrasystoles, runs of ventricular tachycardia (three or more successive ventricular extrasystoles) and any other arrhythmia. Patients were visited on the 1st and 2nd days after operation and their antecubital fossa and neck areas inspected for haematoma and evidence of infection (redness, swelling, heat).
Haemodynamic data were analysed only in patients undergoing successful pulmonary artery catheterization. Data were analysed for significance using Student's paired t test for comparison with control values and analysis of variance for comparison with group II values. P < 0.05 was considered statistically significant.
RESULTS
All patients were either drowsy or sleeping upon arrival in the operating room, but were easily aroused. The three groups were similar with regard to age, weight and SAP and HR before operation (tables I and II). vessel in the antecubital fossa, 63 (89%) underwent successful catheterizarion within 30min of starting the procedure. Patients in group II exhibited a significant increase in SAP on entering the operating room, a further increase after insertion of the radial artery catheter and a further increase after PA was entered (table I) . Patients in groups I and III experienced no significant change in SAP until implantation of the PA catheter, when it became increased. Heart rate remained unchanged in groups I and III during the entire experiment, but became significantly increased in group II following catheterization of PA (table II) .
Twelve of the 63 patients (19%) who had successful PA catheterizations via the upper extremity experienced at least one ventricular extrasystole or junctional beat during passage of the catheter through the right ventricle (table IV), but none exhibited ventricular tachycardia. Two patients, both in group II, experienced angina and e.c.g. evidence of myocardial ischaemia during the procedure. Breathing oxygen and temporary removal of the PA catheter from the heart cured the abnormality in both patients within 5min and there was no recurrence on repeat catheterization.
None of the 84 patients in the study suffered haematoma of the neck, postoperative infection of the antecubital fossa, a knotted PA catheter, clot on the catheter upon removal, or a catheter that could not be removed at the end of the operation. No patient experienced a pulmonary artery laceration or a clinically significant air embolism or pneumothorax. However, six patients had an ante- cubital haematoma after operation and one sustained a tear in one of the leaflets of the tricuspid valve, discovered upon incision of the right ventricle, which required suturing.
DISCUSSION
Although flow-directed balloon-tipped pulmonary artery catheters were first implanted via a venous cutdown in the antecubital fossa (Swan et al., 1970) , this technique is not often used in the operating room before induction of anaesthesia (Civetta and Gabel, 1972; Kaplan, 1979) . The preferred method of insertion of PA catheters is usually by percutaneous catheterization of the internal jugular vein (IJV) in the neck using one of a variety of techniques for location of IJV and insertion of the catheter. Introduction of the PA catheter via IJV is said to be fast (average time of 15 min in experienced hands) and highly successful (97% success in one study; Zaidan et al., 1975) . Introduction of PA catheter via IJV eliminates the difficulty of traversing the angle of the shoulder, which may occur with insertion through an arm vein, and allows a greater number of implanted PA catheters to be wedged in the lungs for measurement of pulmonary artery wedge pressure (Civetta and Gabel, 1972; Kaplan, 1979) .
Unfortunately, insertion of a PA catheter via IJV results in many minor and some serious complications (Pace, 1972; Katz et al., 1977; Kaplan, 1979) . Some of these, such as ventricular extrasystole and other arrhythmias, angina, injury of the pulmonary artery or other cardiac structures, pulmonary embolism or infarction, endocarditis and looping or knotting of the catheter, could and (as demonstrated in this study) do occur irrespective of the method of insertion of the catheter. Others such as laceration of the carotid artery or great veins in the neck, pneumothorax, air embolism, neck haematoma, infection, nerve damage in the neck and puncture of the trachea are unlikely with insertion techniques via an upper extremity and did not occur in this investigation. The frequency of these serious complications in PA catheterization via IJV is unknown but is obviously dependent upon the method with which IJV is catheterized, the puncture site and the experience and skill of the individual performing the procedure (Pace, 1972; Katz et al., 1977; Kaplan, 1979) . Katz and coworkers (1977) reported a frequency of carotid puncture of 13% during attempts at locating IJV for PA catheterization. Belani and others (1980) reported that 12 of 125 attempts at IJV catheterization resulted in carotid puncture. In addition, these authors had one patient who sustained a pneumothorax and required thoracotomy, one with acute hydrothorax which required drainage and one with a paratracheal haematoma that resulted in phrenic nerve irritation (manifested by intermittent hiccup for 8 days). The serious complications in 14 of their 16 patients could be directly attributed to catheterization of the IJV and probably would never had occurred if insertion of the catheter had been made via a large peripheral vein.
When a suitably large antecubital vein was available in the present study, successful PA catheterization was achieved in 89% of attempts. If the right basilic vein was catheterized, the success rate increased to 96%. These results compare favourably with the 97% success rate of PA catheterization reported by Zaidan and others (1975) using IJV and are similar to those published by Swan and co-workers (1970) cutting down on an antecubital vein. Unfortunately, Swan and others (1970) did not report whether basilic, cephalic or both veins were used nor whether catheterization was attempted from the right or left arm. Our findings suggest that the basilic vein is superior to the cephalic and the right arm better than the left.
Another reported advantage of catheterization of PA via IJV rather than from a large peripheral vein is increased speed of insertion. Kaplan (1979) reported that the entire catheterization procedure via IJV averages approximately 15 min. There are no data to compare PA catheterization via IJV and the right basilic vein. However, in this study the entire PA catheterization procedure averaged 21 min in the 63 patients in whom PA was catheterized successfully. While this is longer than catheterization via IJV, the time difference is hardly important clinically considering the duration of the operative procedures and the potential for reducing the frequency of serious complications.
Systolic arterial pressure was increased significantly, in all patients in this investigation, immediately after insertion of the PA catheter. This increase was greater in group II than in the other two groups. In addition, increases in SAP began before PA catheterization in group II and were associated with significant increases in HR.
These findings are similar to those previously reported by Lunn and co-workers (1979) , during catheterization of PA via IJV. They suggest that location of the skin puncture site, reflexes initiated by stimulation of tissues of the neck or position of the body or head (in Lunn's study patients were in the Trendelenberg position with the head turned away from the side of skin puncture) do not play an important role in cardiovascular stimulation during PA catheterization.
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